Performance based seismic design is a modern day design approach of finding out the reliability of a building during and after a seismic activity. It was used originally for monitoring the performance reliability of old buildings for rehabilitation with seismic provisions. It is an extension to limit state design approach which when analyzed using non-linear static analysis gives the reliable performance level of the building. Performance based seismic design allows us to design the building with a realistic understanding of risk of life, occupancy and economic losses that may occur from future seismic activities. It allows us to construct a building with expected performance in seismic activity.
INTRODUCTION
The primary objective of performance based seismic design (PBSD) is to know the actual performance reliability of the design. This method was developed to find out the performance of an existing building with the help of pushover analysis. Pushover analysis is a nonlinear static method in which the building is modelled and pushed up to a pre-determined displacement or pushed with pre-determined forces, and the reliability of the building as a whole as well as behavior of each member are evaluated. This concept of PBSD can also be used for designing and constructing a new building which can tell the expected performance of the building under a particular earthquake. Performance based seismic design can be used for construction of a new building as per the need of the building owner and make the building earthquake resistant as per the functionality of the building for e.g. permanent residential building should not be much damaged during a seismic activity whereas repairable damage can be accepted in a temporary transit camp as compared to a temporary storage go down which will be just structurally stable with irreparable damages during a seismic activity. The cost of construction can be reduced as the materials required for construction would be reduced from a permanent residential building to a temporary transit camp and further more for temporary go down depending on the functionality on the owner.
Performance based seismic design refers to the methodology in which the structural design criteria are expressed in terms of achieving the performance objectives when subjected to stated seismic activity. The performance objectives may be a level of stress, a load, a displacement, a limit state or a target damage state that is not to be exceeded. Target damage state is commonly used criteria of performance objective for PBSD. PBSD permits the design and construction of buildings with a realistic and reliable understanding of the risk to life, occupancy, and economic loss that may occur because of future seismic events. Achieving performance based design is an iterative process which is explained with use of a flowchart as shown in Fig. 1 . The owner of the building and the designer will set performance objective or the performance level of the building depending on the functionality of the building. A preliminary designed would be developed and its performance will be evaluated using performance based seismic design. The performance level obtained should match the desired performance objective selected in step 1, if not the preliminary design is modified or redesigned to match the performance objectives. This process continues till the desired performance level is obtained and later the building is constructed. Applied Technology Council 40 document (ATC 40) is limited to concrete buildings and recommends the use of capacity spectrum method, in which the pushover curve (base shear versus roof displacement) is converted into spectral accelerations and spectral displacements (ADRS format) using an equivalent SDOF system. Demand curves are the response spectrum curves for specified damping value, converted into ADRS format. Superposition of capacity curve and demand curve gives the performance point. Fig. 2 performed standard and modal pushover analysis on C, T and L shaped buildings. They found out that in L and T shaped buildings, around 20% more torsion is generated compared to regular buildings; and concluded that the modal pushover analysis gives more accurate results for irregular buildings. Shinde et al. (2014) used capacity based design to find out the maximum load carrying capacity of members for G+3, G+8, and G+ 15 RCC buildings and compared it with limit state design. They concluded that capacity based design eliminates the possibility of shear mode of failure by making shear capacity of elements more than their moment capacity. Khan (2014) found out the performance point of a 5 storey RCC building by varying sizes and reinforcement in beams and columns. They concluded that as the sizes are increased, the base shear is increased and roof displacement is decreased. Eslami et al. (2014) elaborated the difference between FEMA hinge and user defined hinge in terms of the inter-story drift, hinging pattern, failure mechanism, and the pushover curve. They concluded that the difference in moments of the hinges was about 4-7% for yield point and 12% for ultimate point. Also, the displacement capacity of user defined hinges is more than the FEMA hinges. Inel et al. (2006) studied the difference between auto defined hinges and the manually defined hinges for pushover analysis. They concluded that the base shear is almost similar with a difference of 5%. Amount of transverse reinforcement has a large effect on displacement. Both the hinges have a similar yielding pattern. If modelled correctly the auto hinges results are over safe. Auto hinges can give higher deformation capacity than expected if modelled incorrectly.
The review of literature is completed and it is observed that the yielding pattern of the hinges is dependent on the amount of transverse reinforcement provided, spacing of the transverse reinforcement and the modelled hinge length. Modelling of user defined nonlinear hinges produce accurate results compared to auto generated hinges. It is observed from literature review that the performance point of a multi-storey RCC building has only been evaluated; but designing the same building for obtaining various performance levels has not been done so far. Further it is seen from the literature that auto generated hinges as per FEMA 356 are considered in most of the cases; whereas the present study will be based on manually generated hinges which are more effective in evaluating the performance of a structure using pushover analysis. 
II. METHODOLOGY
The structure is modelled on SAP 2000 V14.2.0. SAP 2000 was selected due to the predefined parameters of ATC 40 for pushover analysis. Manually generated hinges based on moment curvature for particular sections are used rather than the automatic generated moment rotation hinges. Moment curvatures diagrams are generated from SAP section designer. Moment curvature for beams are based on concrete and its hogging and sagging reinforcement present and that for columns is based on axial loads generating from gravity loads along with concrete and reinforcement present in it. Table I shows the general building data which needs to be inputted for analysis and design. Soil type II (poorly graded sands or gravelly sands with little or no fines) Importance factor (I) 1 Response reduction factor (R) 5
Pushover analysis is carried out on three models which are named as model 1, model 2 and model 3 respectively and are explained below. Model 1 is designed to meet the performance level of immediate occupancy. This model is designed using response spectrum analysis as per IS: 1893-2016. Table II and III shows the design results of columns and beams respectively for model 1. Model 2 is designed to meet the performance level of life safety. The model has intermediate design results to match the performance level keeping model 1 as the upper most criteria and model 3 as the lower most criteria. Table IV and V shows the design results of columns and beams respectively for model 2. Model 3 is designed to meet the performance level of collapse prevention. This model is designed for gravity loads. The design results obtained can be termed as the lower most sizes of columns and beams. Table  VI and VII shows the design results of columns and beams respectively for model 3 
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Pushover analysis is a process to estimate the strength capacity of a structure beyond its elastic limit. Weak areas in the structure can be predicted by observing the yielding of hinges. Hinges are points on a structure where one expects cracking and yielding to occur in relatively higher intensity so that they show high flexural displacement.
Capacity Curve
Pushover curve is the plot between base shear and roof displacement when the structure is pushed from its original position till the assigned displacement or a failure mechanism is created. This pushover curve is converted into spectral coordinates i.e. spectral acceleration and spectral displacement as per steps provided in ATC 40. This curve in spectral coordinates is called as capacity curve.
Bilinear representation of capacity curve is needed to calculate the effective damping, which would be further used to determine the appropriate reduction of spectral demand.
Demand Curve
Response spectrum is the curve between spectral acceleration and time period. The demand curve is obtained by converting the response spectrum curve into spectral acceleration versus spectral displacement format having radial lines indicating time period. The response spectrum is potted as per ATC 40, using coefficient and . These values depend on the zone, type of earthquake considered for analysis, soil conditions, seismic source and its distance from the building.
Performance Point
Performance point the point on the capacity curve which gives the spectral acceleration and spectral displacement the building would be acted upon during an earthquake event representing the demand. The spectral acceleration and spectral displacement can be easily converted into base shear and roof displacement. The verification of performance objective of the building will be dependent on the performance point of the structure. Every structure will have a different performance point for the same earthquake event.
III. RESULTS AND DISCUSSION
A. Pushover Curves
Pushover curves for model 1, 2 and 3 are shown in fig.  3 , 5 and 7 respectively. Fig. 4, 6 and 8 shows performance points for model 1, 2 and 3 respectively. The load carrying capacity of the structure reduces from model 1 to model 2 and from model 2 to model 3 which means model 1 is the strongest structure and model 3 is the weakest structure indicated by the base shear values of pushover curves. Performance point for model 1, model 2 and model 3 is 81 mm, 143 mm and 201 mm respectively.
B. Inter-storey Drift
Inter-storey drift for displacements obtained on performance point for all the three models as shown in Table  VIII . The maximum inter-storey drift of the structure for model 1 is 0.008 which is less than 0.01 hence this model has its global performance level in IO. Model 2 has its maximum inter-storey drift greater than 0.01 hence it has its global performance level in LS. Model 3 has its maximum interstorey drift equal to 0.020 hence it can be termed as CP. Fig. 9, 11, 13 and 10, 12, 14 shows the yielding of hinges on the back bone defined manually using moment curvature of the section for beams and columns respectively for all the 3 models. The hinges of beams and columns in model 1 are yielded to a maximum of IO and that for model 2 and 3 are yielded to a maximum of LS on performance point.
C. Yielding of Hinges
D. Hinging Pattern
After pushover analysis hinges are formed all over the structure. Fig.15, 16 and 17 show the hinges formed on model 1, 2 and 3 respectively. In model 1 all the hinges are pink hinges indicating yielded to B -IO. In model 2 there are blue hinges along with pink hinges indicating yielded to IO -LS.
In model 3 the number of blue hinges have increased and the pink hinges have decreased. Hinges are seen more in beams than in the columns in all the three models indicating strong column weak beam action.
E. Hinge Status
Hinges are formed as the displacement goes on increasing. In model 1 there are 47 hinges formed in the structure on performance point step and they lie in B -IO. In model 2 there are 23 hinges in B -IO and 27 hinges have yielding beyond IO but are not yielded till LS on performance point. In model 3 there are 14 hinges in B -IO and 51 hinges have yielding beyond IO but are not yielded till LS on performance point. 
F. Comparison of Results
Comparison of Results of present study with Inel (2006).
Hinging Pattern of the hinges formed on this structure in this study can be compared with hinging pattern in the paper published by Inel (2006) . Fig.18 shows the hinges formed on model 1 of this study compared to fig. 19 shows the hinges formed on the structure on the published paper. Hinges in both the cases are just yielded as shown by pink colour on fig. 18 and a round symbol on fig. 19 . Hinges are mainly formed on beams and columns of lowermost storey in both the cases. 
Comparison of Results of present study with Ingale (2017).
The change in base shear with increasing displacement when the structure is pushed is compared with the results obtained by Ingale (2017) . Table IX shows the value of increasing displacement. The base shear values in the present study are smaller as compared to those of Ingale because the seismic weight considered by him is very large as compared to the present study. An increasing base shear is observed in the results obtained by Ingale (2017) this is because the structure is assumed to have sizes of beams and columns as 500 × 600 where as in the present study the sizes of columns and beams are designed and optimized as per analysis results of response spectrum. 1. The global performance point of the structure designed using response spectrum analysis is found out which lies in immediate occupancy performance level. 2. The amount of concrete and steel required for columns and beams of the building designed using response spectrum analysis is 45.7 m 3 and 7.507 tons respectively. 3. The amount of concrete and steel required for the building to be designed for life safety performance level is 41.60 m 3 and 5.836 tons respectively i.e. 8.98% reduction in amount of concrete and 22.28% reduction in amount of steel as compared to the quantities obtained for a building designed using response spectrum analysis. 4. Building designed only to resist gravity loads has structural stability or collapse prevention performance level. 5. The amount of concrete and steel required for the building to be designed for structural safety or collapse prevention performance level is 35.69 m 3 and 4.259 tons respectively i.e. 21.91% reduction in amount of concrete and 43.27% reduction in amount of steel as compared to the quantities obtained for a building designed using response spectrum analysis. 6. Hinges are first formed in beams indicating strong column weak beam structure.
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